An all-consuming issue. by Schmidt, C W
M ost experts consider the food sup-
ply of the United States to be
unmatched in quality and safety.
But in recent years a series of deadly food
poisoning outbreaks has begun to shake the
public's confidence in the safety of their
diet. These events have sparked legislative
concern, leading state and federal officials to
propose major changes in a regulatory sys-
tem that has safeguarded domestic and
imported foods for almost ahundredyears.
The latest and most publicized out-
breaks have turned the rare serotype 4b
strain of the bacteria Listeria monocytogenes
into a virtual household name. Sara Lee hot
dogs and deli meats contaminated with
Listeria at the company's Zeeland,
Michigan, plant have caused over 70 illness-
es and 16 deaths in 14 states since August
1998. Outbreaks of other foodborne
pathogens on a much greater scale have also
been recorded. Malt-O-Meal breakfast cere-
als contaminated with Salmonella agona
infected an estimated 18,000 people during
the spring of 1998. As many as 38% ofthe
cases reported to state health agencies
required hospitalization, and there was one
fatality. Estimates vary widely, but the
Ames, Iowa-based Council for Agricultural
Science and Technology, an organization
composed of36 scientific societies, suggests
that anywhere from 6.5 million to 33 mil-
lion illnesses and up to 9,000 deaths each
year may be caused by foodborne hazards.
Many ofthe victims are children, the elder-
ly, or people whose immune systems are
compromised bypreexistingillnesses such as
AIDs. Ofthese infections, the vast majority
are due to microbial contamination,
although potential health effects from
chronic pesticide exposures in the diet, par-
ticularly among children, are also causing
increasingconcern.
Underscoring these statistics is a
groundswell of opinion that the nation's
food safety system is in need of a major
overhaul. This viewpoint was the domi-
nant theme of the National Academy of
Science's (NAS) August 1998 report,
Ensuring Safe Food: From Production to
Consumption, which compared the U.S.
foodsafiysystem to a"patchworkquit ... of
fragmented and outdated safety laws . . .
that are barriers to improving the safety of
the foodsupply."
Evolving Risks
Among the NAS's chiefconcerns is that the
current food safety system is not keeping
pace with the social, economic, and demo-
graphic shifts that are changing both the
food we eat and howwe go about getting it.
Farm stands and local grocery stores are giv-
ing way to national and global distributers
and supermarket chains carrying an average
of30,000 items each. Michael Doyle, direc-
tor of the Center for Food Safety and
Quality Enhancement at the University of
Georgia's Griffin Campus and an NAS food
committee member, says that the nature of
the U.S. diet isalsochanging. People are eat-
ing less beef and more chicken and fish.
Higher-risk foods such as fresh fruits and
vegetables, and raw or minimally processed
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foods such as premixed salads and unpas-
teurized juices are also becoming more pop-
ular. Fast-food restaurants and ready-to-eat
meals have become staples ofthe mobile and
time-stressed U.S. society. "We're eating out
more," says Doyle. "This means that, with
less control over our food preparation, we're
putting our trust in safe food in the hands of
others, often youngpeopleworking for min-
imum wage without the best understanding
offoodhandling practices."
Meanwhile, many new and emerging
pathogens are slipping through cracks in the
inspection process to find theirwayonto the
dinner table. Donald Schaffner, an extension
specialist with the Department of Food
Sciences at Rutgers University in New
Jersey, says some of these emerging strains
have resulted from changes in the mass pro-
duction of food. "Sometimes a change in
food production processes optimizes prolif-
eration ofa rare strain and makes that strain
more common," he says. "Other times, these
unique strains have always been there, but
we get to know them because new tools and
techniques tell us they are there." For exam-
ple, Campylobacterjeuni is a microbe that
was long recognized as a pathogen in ani-
mals, but was not identified as a source of
human disease until better detection meth-
ods identified it as such in the early 1980s.
Campylobacter is now considered the leading
cause of acute bacterial diarrhea in the
world.
According to Doyle, an example of a
potentially new species of microbe is
Escherichia coli 0157:H7. Most forms ofE
coliare safe, and inhabit the mammalian gas-
trointestinal tract by the billions. But E. coli
0157:H7 is a virulent exception that debili-
tates its victims with acute gastrointestinal
illness, bloody diarrhea, and in some cases
kidney failure. "E. coli 0157:H7 may have
evolved in cattle fed high doses of antibi-
otics," says Doyle. First recognized as a
human pathogen in 1982, E coli 0157:H7
strikes an estimated 20,000 people and kills
as manyas 500 annually.
Another recently emerged pathogen is
Cyclospora cayetanensis, a unicellular parasite
first recorded in the medical literature in
1979. Fresh raspberries imported from
Guatemala were behind a large multistate
outbreak of cyclosporiasis in 1996. Other
important pathogens commonly linked to
food poisoning outbreaks include
Clostridium botulinum, abacterium that pro-
duces a potent neurotoxin, and Listeria
monocytogenes, a common environmental
bacterium that dings to drainpipes and plas-
tic surfaces. As with E coli, most forms of
Listeria are safe. But the virulent 4b serotype
can cause meningitis, encephalitis, and spon-
taneous abortion in pregnant women. Data
collected by the Centers for Disease Control
and Prevention (CDC) indicate that Listeria,
which has been associatedwith practically all
kinds offood, causes at least 1,850 illnesses
and425 deaths ayear in the United States.
A major problem is how to tell whether
a food is contaminated. Unfortunately,
there is no easy answer. Contaminated
foods often look, smell, and taste no differ-
ent than uncontaminated foods, and
microbes often survive low-temperature
cooking. And because they tend not to be
distributed evenly in foods, microbial
pathogens may not make everyone who eats
a particular product sick. Paul Mead, a
medical epidemiologist with the CDC, says
that, although safeguards implemented by
the increasingly consolidated food industry
have done much to reduce contamination
levels, the trend toward national and global
distribution of foods is leaving many more
people at risk ifsomething does go wrong.
"Rather than the local outbreaks ofthe past
with high levels of contamination, we're
seeing huge outbreaks with low attack
rates," he says. "This is hard to track epi-
demiologically. One or two [disease] cases
in any one given area can easily get lost in
the background rate [ofthatdisease]."
Fortunately, some new technologies are
enabling detection ofoutbreaks that other-
wise might be missed. Foremost is a tech-
nique called pulse-field gel electrophoresis,
which allows researchers to develop DNA
"fingerprints" of microbial strains isolated
from infected patients. These fingerprints
can be entered into a nationally linked data-
base called PulseNet, through which public
health officials can identify and group relat-
ed cases, regardless of their geographical
location. PulseNet, which was launched in
May 1998 bythe CDC, enables epidemiolo-
gists to track foodborne contaminants five
times faster than before the technology was
available.
The Current System
The regulatory origins for the current food
safety system date back to 1906, the year
that Congress delegated responsibility for
the nation's food safety to the U.S.
Department ofAgriculture (USDA). When
the Food and Drug Administration (FDA)
was moved out from under the USDA, it
took responsibility for the safety ofessential-
ly all foods other than meat and poultry,
which it left to the USDA's Food Service
Inspection System (FSIS). Both agencies are
also charged with making sure that pesticide
residues in food are below the tolerances set
bythe EPAforsafe exposures.
The USDA and the FDA carry out their
mandates in very different ways. By law, the
USDA bases its enforcement strategy on one
of continuous inspection of every carcass
that makes itswaythrough a slaughterhouse,
as well as daily inspections of plants that
process meat and poultry products. The
FDA relies on a force of 7,400 inspectors
with jurisdiction over an estimated 62,000
production, processing, and food storage
facilities. This huge responsibility swamps
the FDA's abilities, and according to the
NAS report, the agency is only able to per-
form site-specific inspections roughly once a
year.
The FSIS is widely considered to be
more thorough. This probably reflects a his-
torical concern for sanitary meat, which has
traditionally been seen as the greatest source
offoodborne diseases. FSIS inspectors actu-
ally work in the facilities they monitor for
compliance, checking carcasses and other
meatproducts one byone as theymake their
way down the production line. This inten-
sive approach is coming under increasing
criticism by experts who feel that visual
inspection ofmeats can't prevent passage of
microbes like Salmonella, Campylobacter,
and E coli0157:H7. According to Michael
Taylor, vice president for public policy at
Monsanto Corporation, the USDA did not
traditionally consider these pathogens to be
food adulterants, assuming that they would
be killed during cooking, but the agency
abandoned that position in 1994 as it began
stepping up its efforts to minimize contami-
nationduringprocessing.
Both the USDA and the FDA have
oversight over imported foods, which are
making up an increasing share of the U.S.
diet. Again, protocols for inspection differ
sharply between the two agencies. The
USDA regulates imported meat and poultry
products by verifying that the exporting
country's inspection system is equivalent to
its own, and by reinspecting at the border.
The FDA, on the otherhand, limits its over-
sight to random port-of-entry inspections of
imported foods. But in the same way that
the FDA has been unable to keep up with
domestic production, it is overwhelmed by
imported foods as well, and can only inspect
around 2% ofoverseas shipments.
ANewParadigm?
In May 1997, the Clinton Administration
directed the secretary ofagriculture, the sec-
retary ofhealth and human services, and the
administrator ofthe EPA to come up with a
plan for improving the nation's food sup-
ply. Following an exhaustive effort and con-
siderable collaborations with stakeholders,
the cabinet members published a series of
recommendations in a May 1997 report
entided Food Safety, from Farm to Table: A
National Food Safety Initiative. The Food
Safety Initiative, as it is called, provides a
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x ) ^ Campylobacterjejuni
Leading causeofbacterial diarrheal illness in the United States
4 Infective dose: 400-500 bacteria or more
Incidence: Estimated 2-4 million cases peryear
Sources: Rawand undercooked poultry and beef, rawmilk, and untreated water
Clostridium botulinum
Produces a toxin that causes asevere form offoodpoisoningwith muscleparalysis
Infectivedose: Afewnanograms oftoxin cancauseillness
Incidence: Low (10-30 outbreaks peryear) but mortality is high ifnot treatedimmediately
Sources: Inadequately processed home-canned foods and herbal oils, sausages, meatproducts, and seafood
*= Escherichia coli0157:H7
Produces a toxin that causes severe damage to the lining ofthe intestine, resulting in diarrhea and
potential loss ofkidney function and death
Infective dose: Unknown butestimated at 10 organisms
Incidence: Increased by over 500 cases between 1994 and 1995 with over2,000 cases in 1995
Sources: Meat, especially undercooked or rawhamburger, and rawmilk
Hepatitis A
Causes illness characterized bysudden fever, malaise, abdominal cramps, anorexia, andjaundice
Infective dose: 10-100virus partides
Incidence: 22,700 cases peryear butonly an estimated 7% are foodborne orwaterborne
Sources: Food contaminated by human feces, most often in foodprocessingplants and restaurants
, 0 Listeria monocytogenes
Causes listeriosis, characterized bysepticemia, meningitis, encephalitis, and intrauterine and cervical infections
in pregnant woman that mayresult in spontaneous abortion and stillbirths
Infective dose: Varies, but maybe as lowas 1,000 organisms
Incidence: 1,850 cases oflisteriosis and425 deaths peryear
Sources: Rawmilk, softcheeses, icecream, rawvegetables, rawundercookedmeat, poultry, andseafood
Salmonella
Causes salmonellosis, characterized by nausea, vomiting, abdominal cramps, fever, and headache
Infective dose: As fewas 15-20cells
Incidence: 2-4 million cases ofsalmonellosis peryear; second most common causeoffoodborneillness
Sources: Rawand undercooked eggs, poultry, and meat, dairyproducts, seafood, fruits, andvegetables.
Staphylococcus aureus
* Produces an enterotoxin that causes nausea, vomiting, abdominal cramps, and prostration
Infective dose: Less than 1.0microgram
Incidence: Estimated 1,200 cases peryearalthough true incidence is unknown
Sources: Cooked foods high in protein (e.g., cookedham, tuna, chicken, macaroni, and potatosalads,
cream-filled bakeryproducts, dairyproducts)
Shigedlla
Causesshigellosis, characterizedbydiarrhealillnesses, fever,vomiting, and tenesmus
Infective dose: Asfew as 10cells Incidence:Anestimated 300,0001caso Sources: Potato, tuna, macaroni, andshrimpsalads, milkanddairyproducts, poultry, rawvegetsa
* Vibrio vulnificus
Causes wound infections, gastroenteritis, and primarysepticemia
Infective dose: Unknown forhealthy persons but can causesepticemia in predisposed personswith doses
ofless than 100 organisms
Incidence: Rare butunderreported. TheCDC received 300 reports between 1988 and 1995
Sources: Raw or undercooked seafood, including oysters, crabs, andclams
Source: CFSAN. Foodborne pathogenic microorganisms and natural toxins handbook. Washington, DC:U.S. Food and Drug Administration, Center for Food Safetyand Applied Nutrition, 1992.
Photo credit: Partnership for Food Safety Education, http://www.fightbac.org/.
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blueprint for a revamped food safety system,
emphasizing improved outbreak response,
consumer education, and increased use of
scientifically based intervention strategies
and microbial risk assessments. These rec-
ommendations were endorsed by the NAS,
which concluded in its August 1998 report
that the biggest stumbling blocks to imple-
menting the Food Safety Initiative are a
fragmented federal structure and an unfo-
cused research agenda. Ultimately, argued
the NAS, the best way to achieve the goal
ofimproved food safety would be through
a centralized authority that would provide
a "single point ofleadership."
Not surprisingly, this radical proposal
garnered mixed reviews. According to
Sanford Miller, a prior director of the
FDA's Center for Food Safety and Applied
Nutrition, the move toward a centralized
authority is fraught with political overtones.
Says Miller, a strong proponent ofcentral-
ization, "Does the USDA want to be regu-
lated by the FDA? No. And vice versa as
well. Right now there's just a lot ofpolitical
knee-jerk reactions going on. Ifyou speak
with industry people, the official response
[to the proposal] is negative. But privately,
among mostpeople I talk to ... theywould
love a common central authority-they're
just notprepared to come outandsayit."
The NAS call for an expanded emphasis
on the use of science, on the other hand,
was roundly applauded by regulators and
industry alike. At the heart ofthis initiative
are plans for increased use of risk assess-
ments, and expanded use of Hazard
Analysis Critical Control Point (HACCP)
programs that plant managers can adopt to
ensure their products are safe. HACCP pro-
grams, which were first introduced in the
early 1960s, represent a systematic and sci-
entific way for industry to identify hazards
and prevent or control them in production
[see EHP 106(10):A475-A478 (1998)].
Many companies have been using HACCP
programs for years. The government has
taken note ofthe ease with which HACCP
can be adopted into regulation, and the
FDA issued its first set of HACCP regula-
tions-over the seafood industry-in 1995.
Unfortunately, inspections by the FDA
indicate that HACCP compliance by the
seafood industry is distressingly low.
According to Caroline Smith DeWaal,
director for food safety at the Center for
Science in the Public Interest in
Washington, DC, only 30% of plants
inspected in 1998 were found to be compli-
ant, although in public meetings the FDA
has indicated its goal to increase the compli-
ance record to 50% in 1999.
Both the USDA and the FDA are look-
ing for ways to expand the use of HACCP
regulatory programs. The FDA, for exam-
ple, is currently reviewing comments on
proposed HACCP regulations for unpas-
teurized juice, and has recendy initiated a
pilot program to see how HACCP pro-
grams might be applied in retail settings.
According to Catherine Woteki, the under-
secretary for food safety at the USDA, the
department will have even the smallest meat
and poultry plants under some measure of
HAACP regulations by the year 2000.
"We're part ofthe way there," she says. "In
January 1998, all plants with 500 or more
employees came under HACCP regulations.
In January 1999, we'll implement HACCP
in plants with fewer than 500 employees,
and the remainderwill be addressed the fol-
lowingyear."
The Battle overTechnology
Microbial threats notwithstanding, the pub-
lic is in aheated debate over the technologies
that are changing food. Perhaps the greatest
concerns center on irradiation, the use of
hormones in milk production, and genetic
engineering, all ofwhich have been sanc-
tioned by the government as safe. But popu-
lar skepticism over these technologies
abounds, and none has yet received whole-
hearted approval from the public. For exam-
ple, Food and Water, a nonprofit advocacy
organization based in Walden, Vermont, is
unwavering in its criticism of corporate
agribusiness for, as it daims, imposing high-
tech foods on consumers for profit without
sufficient regard for public health. On the
other end of the spectrum, Bill Grierson, a
professor emeritus at the University of
Florida Citrus Research and Educational
Center in Gainesville, writes in the March
1997 issue of Priorities that "fearmongering
[over food technology] has become a boom
industry for alarmists and a popularity prop
forpoliticians."
Irradiation, which is approved for use in
wheat and wheat flour, potatoes, spices,
fruits, vegetables, poultry, and red meat, has
found limited use since the late 1940s. It is
often used in hospitals for foods consumed
bypatients who need the deanest offoods-
for example, those undergoing bone marrow
transplants. The National Aeronautics and
Space Administration has also used irradia-
tion to treat foods for astronauts in space.
The technique essentially pasteurizes food
with short-wavelength gamma rays that pass
through it much like ultraviolet light, or
microwaves [see EHP 106(3):A129-A130
(1998)]. Gamma radiation doesn't emit neu-
trons, so foods aren't made radioactive bythe
procedure. Furthermore, irradiation kills bac-
teria without raising food temperature, so
unlike with pasteurization, there is minimal
loss ofnutrients. The process has undergone
more than40years ofscientifictestingbefore
approval. In so doing, it has accumulated an
impressive list of sponsors, including the
American Medical Association, the United
Nations Food and Agriculture Organization,
and the World Health Organization, among
others.
Despite the benefits, irradiation has not
been widely adopted, although a number of
pilot studies have indicated that, when
informed ofthe benefits, the public will pur-
chase irradiated foods. Some consumers
remain concerned because irradiation causes
the production ofradiolytic compounds (free
radicals), thought by many to be associated
with a number ofdiseases, including cancer.
Yet these same compounds are produced
during cooking, according to a position
paper published by the American Dietetic
Association. Furthermore, according to
Rosetta Newsome, senior food scientist with
the Chicago, Illinois-based Institute ofFood
Technologists, extensive toxicological testing
has produced no evidence that any of these
radiolytic compounds pose a health hazard.
The NAS has described irradiation as a safe
and effective means of reducing foodborne
pathogens, and has criticized the FDA and
the USDA as slow to accept the technology.
However, according to Thomas Billy,
administrator ofthe FSIS, aplan for expand-
ing the use ofirradiation in red meat is being
put into place in that service. "We are pro-
viding a framework by which irradiation can
be used," he says. "It comes down to whether
ornotindustrywill acceptthetechnology."
A more widely used practice is the use of
recombinant bovine growth hormone
(rBGH) to boost milk production in dairy
cows. Developed by Monsanto under the
trade name Posilac and approved for com-
mercial use by the FDA in 1993, rBGH is a
geneticallyengineered molecule identical to a
protein secreted by the bovine pituitary
gland. Estimates ofthe numberofcows actu-
ally treated with rBGH in the United States
are uncertain, although Monsanto puts the
figure at dose to 30%. During the approval
process ofrBGH, the FDA relied largely on
an unpublished Monsanto study showing
that no gastrointestinal absorption of the
hormone occurred among rats treated for 90
days. Based on these results, Monsanto con-
cluded that there would be no danger to
humans consuming milk from cows given
rBGH and that no further investigations of
the hormone's effects in humans or animals
were necessary, aposition thatwas echoed by
the FDA. But a review of the study by
Health Canada found that absorption may
have occurred in as many as 30% ofthe ani-
mals tested. Furthermore, some of the male
rats in the high-dose group developed thy-
roid cysts and prostateproblems. The discov-
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cry ofthese discrepancies led to sharp public
criticism of the FDA in December 1998,
and a demand from Vermont senators James
Jeffords (R) and Patrick Leahy (D) that the
agency investigate whether it had correctly
appraised studies ofthe hormone's safety. In
January 1999, Health Canada decided not to
approve rBGH following an eight-year peri-
od ofreview, citing additional evidence from
its veterinary experts that the hormone
increases risk in dairy cows ofmastitis by up
to 25%, of infertility by 18%, and of lame-
ness by up to 50%.
Michael Hansen, a research associate at
the Washington, DC-based Consumers
Union, says that milk from hormonally
treated cows also contains significantly 4
elevated levels ofIGF-1, a naturally occur-
ring hormone that is thought to be involved
in the mediation ofbreast and prostate can-
cer. Whether or not elevated concentrations
of IGF-1 in milk may contribute to can-
cer in humans is unknown. But
Hansen adds that part of the reason
for this data gap dates back to the
FDA's initial decision to not carry
out a complete battery of animal
tests for carcinogenic, teratogenic,
and reproductive effects ofrBGH.
Both Monsanto and the FDA
have vigorously defended rBGH,
insisting that milk from treated
cows has the same nutritional
value and composition as milk from
untreated cows. At this stage, the
FDA is standing by its approval,
and has no plans to halt produc-
tion and use of the supplement.
"The agency has concluded that
absorption of rBGH is not biologi-
cally meaningful," says Lawrence Bachorik,
the FDA's deputy associate commissioner for
public affairs. Even so, Bachorik says that the
FDA is always monitoring products, and will
look carefully into any petitions resulting
from Jeffords and Leahy's efforts.
Genetically engineered foods are also the
subject ofconsiderable public debate, partic-
ularly in Europe, where sales of many of
these products are either banned or highly
regulated. With the rapid expansion of this
technology, foods are now being engineered
to exhibit a host oftraits including adaptabil-
ity to harsh growing environments, herbicide
tolerance, enhanced nutritional content, and
increased crop yields. Perhaps the most con-
troversial of the genetically engineered crops
are those that have been bred to express pes-
ticidal substances, an attribute that propo-
nents say could help to significantly reduce
the use of chemical pesticides in agriculture
[see EHP 106(9):A432-A437 (1998)]. The
only such crops approved thus far contain an
endotoxin produced by the microbe BaciIIu-
thuringiensis (Bt), which is toxic only to
insects. Recently, the EPA finalized a pro-
posed rule to regulate the substances pro-
duced by these plants as pesticides under the
Federal Insecticide, Fungicide, and
Rodenticide Act. This move was heavily crit-
icized by a consortium of 11 separate scien-
tific societies who claim emphatically that
genetically engineered plants, including those
made with Bt, are no more dangerous than
conventionally bred plants, and that it is sci-
entifically indefensible to regulate plants as
pesticides. But in regulating these substances,
the EPA has countered that it is merely
Not just simple groceries. Food safety issues
are becoming more complex with the develop-
ment of new and controversial technologies
including irradiation, genetic engineering,
growth hormones, and the use of biosolids and
industrial waste-derived fertilizers.
attempting to protect consumers from the
potentially toxic effects of unknown "novel"
proteins that may prove to be allergenic or
have other unforeseen implications for
human and ecological health.
Along with irradiated and genetically
engineered foods, the use ofsoils treated with
sewage sludge (also called biosolids) is a
growing agricultural practice that proponents
say provides an effective and environmentally
friendly way to dispose of wastes while
simultaneously improving soil quality.
Biosolids not only improve soil structure and
water holding capacity, they also feed essen-
tial soil microorganisms, says Robert Brobst,
biosolids program coordinator for the EPA's
Region 8. Furthermore, he adds, biosolids
are preferable to chemical fertilizers because
they feed both the soil and the plant. But
these reassurances do little to allay the fears
of a somewhat skeptical public, many of
whom remain wary of odors and the pres-
ence of heavy metals, toxic organic cor-
pounds, or pathogens.
These fears are largely unsubstantiated by
science, however. According to the EPA, the
threat ofboth microbial and chemical
pollutants can be significantly
reduced by using proper land
management practices. The
National Research Council
(NRC) agrees with this posi-
tion, and has stated that,
"while no disposal or reuse
option can guarantee complete
safety, the use ofbiosolids in the
production of crops for human
consumption, when practiced
in accordance with federal
guidelines and regulations, pre-
sents negligible risk to the con-
sumer, to crop production, or to
the environment." It is important
to note, however, that the micro-
bial safety of biosolid-treated
crop soils was endorsed by the NRC
largely because no outbreaks had ever been
linked to sludge in the past.
Backto the Land
i______ The fear ofthe unknown effects of
these technologies has driven some
consumers to seek out organically
grown foods, for which they are
willing to pay a premium. But
whether or not organic foods actu-
ally pose a healthier alternative is not entirely
certain.
Organic farmers who hope to sell their
products are held to strict state guidelines
that govern their production. The use of
chemical pesticides and fungicides is prohib-
ited, as is the use of synthetic fertilizers,
which have recently come under scrutiny for
their potential contamination with heavy
metals [see "Fertilizing or Contaminating?"
p. A136, this issue]. The USDA is also plan-
ning to issue national guidelines under its
National Organics Program, which is cur-
rently still under review. [see "Organic:
What's in a Name?" p. A150, this issue].
The risk of microbial contamination of
organic foods is not necessarily less than that
associated with conventionally grown foods,
however. Linda Harris, an extension special-
ist in microbial food safety at the University
of California at Davis, says that microbial
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contamination could occur just as easily on
an organicfarm as on aconventional one. "If
an organic farmer is applying manure incor-
recdy, definitelyyou could have an increased
risk from a microbial perspective. Con-
ventional farmers applying manure run the
same risk," shesays.
But because organic farmers don't use
pesticides and other synthetic chemicals on
their crops, the risks from these substances is
reduced-although the net benefit of this
reduction to one's health is a matter ofgreat
debate. Says Miller, "Problems with chemi-
cals in food are low compared to microbio-
logicals. The biggest problem is improper use
of chemicals. Properly used, chemical risks
are relatively minor." Many agency and
industrystakeholders contend that EPApesti-
cide tolerances are set with a large enough
margin ofsafety that even fairly substantial
exceedences are unlikely to cause any adverse
healthrisks.
On the other hand, a growing difference
ofopinion holds that some segments ofsoci-
ety, particularly children, may be at elevated
risk for typical dietary exposures to pesticides.
This is especially true ifthose exposures are to
various pesticides with a common mechanism
oftoxicity, such as the now highly controver-
sial organophosphate insecticides. Organo-
phosphates, which act by inhibiting acetyl-
cholinesterase in the nervous system, are asso-
ciated with a wide spectrum oftoxic effects
that include nausea, blurred vision, irregular
heartbeat, and possibly cancer. Children are
thought to be at higher risk than adults pri-
marily for two reasons. First, they eat many
more high-risk foods such as fresh fruits and
vegetables, which tendtohave morepesticides
applied during cultivation. Atypical one-year-
old child drinks 21 times more apple juice
and 11 times more grape juice, and eats 2-7
times more grapes, bananas, pears, carrots,
and broccoli than theaverage adult, according
to Edward Groth, director oftechnical policy
and public service at the Consumers Union.
Second, the rapid growth anddevelopment of
children make them physiologically more sen-
sitive to pesticide toxicity. Recent evidence
suggests that fetal and neonatal animals may
be especially sensitive to the toxic effects of
organophosphates, and that infant exposures
to pesticides during critical periods ofcentral
nervous system development may lead to
long-lasting effects on brain function and
behavior.
In January 1998, the Environmental
Working Group (EWG), aWashington, DC-
based nonprofit organization, released a con-
troversial report entitled Overexposed:
OrganophosphateInsecticides in Children'sFood,
in which they concluded that 1 million chil-
dren a day are being exposed to "unsafe levels
oftoxicpesticides infruit,vegetables, andbaby
food." The EWG based its condusions on the
results ofariskassessmentthatestimatedexpo-
sures to children using pesticide residue data
from three separate sources: the USDA
Pesticide Data Program, the FDA Pesticide
Surveillance andMonitoringProgram, andthe
FDA Total Diet Study. These programs all
monitor chemical residues in commercially
bought foods. Food- and age-specific con-
sumption rates for children under five years
old were obtained from the USDA
Continuing Survey of Food Intakes by
Individuals. The analysis normalized all
organophosphate exposures to chlorpyrifos
(the most widely used and best toxicologically
characterized ofall the organophosphate insec-
ticides) byapplyingatoxicequivalencyscheme
similar to that used by the NRC in its land-
mark 1993 report, Pesticides in the Diets of
Infants and Children. This approach-which
assignseachpesticide atoxicityvaluerelative to
that ofchlorpyrifos-is consistent with the
concept ofthe "riskcup" developed under the
1996 Food Quality Protection Act. The risk
cup quantifies all routes ofexposure to multi-
ple chemicals with a common mechanism of
toxicity, and adds them up to arrive at a more
representative estimateofthedailydose.
According to the EWG, the foods posing
the most risk to children are peaches, apples,
pears, and grapes, all ofwhich tend to have
higher residue levels than otherfoods listed in
the USDA and FDA databases. The analysis
also suggested that aggregate exposures to
pesticides in prepared baby foods might
exceed the reference doses set by the EPA for
safe exposures, leading the EWG to demand
that the EPAprohibit the use oforganophos-
phatecompounds in foods destined for infant
diets. Over 90% of the risk was found to
derive from just five pesticides: methyl
parathion, dimethoate, chlorpyrifos, pirim-
iphos methyl, and azinphos methyl.
Organophosphate residues on these products
were, for the most part, below EPA toler-
ances, and were therefore acceptable under
FDAregulations.
Carl Winter, an extension food toxicolo-
gist and director ofthe FoodSafe Program at
the University ofCalifornia at Davis, is high-
ly skeptical of the EWG's assessment. "It's
easy to create risks on paper. Whether they
exist in the real world is a different story," he
says. He explains, "Pesticide risk assessors
generally take into account a 100-fold safety
factor when assessing risks, which assumes
that humans are 10 times more sensitive than
the most sensitive laboratory animals tested,
and that some humans are 10 times more
sensitive than the average person. These con-
servative estimates provide us with a very
large margin of safety. For any noticeable
effects to be observed, animals generally need
to be exposed to 10,000 times our daily
dose." Currently, the EPA is exploring
whether or not to applyan additional 10-fold
safety factor to some pesticide tolerances that
are deemed to have been set with insufficient
consideration ofchildren's health. This mea-
sure, dictated bythe Food QualityProtection
Act, has caused tremendous upheaval in
industry.
But Groth says that ofthe 1 million chil-
dren described in the EWG's report, as many
as 40,000-50,000 may ingest pesticides at
levels 10 times higher than EPA reference
doses. Says Groth, "You can make a sound
argument that these exposures may result in
some damage. Can you prove this? No. But
the EPA's social contract with the public
holds that exposures above the reference dose
are, bydefinition, notsafe."
Nonetheless, says Steven Johnson,
deputy director of the EPA's Office of
Pesticide Programs, the results ofrisk assess-
ments are dependent on the numerical toxic-
ity values and exposure assumptions used,
and the selection ofthese parameters can be
biased. Furthermore, he adds, most of the
fruits and vegetables monitored by the FDA
and the USDA contain no pesticide residues
whatsoever. "Right now, we're not aware of
any imminent hazards to children from pes-
ticides in food, and ifwe were, we'd take
action," he says. The EPA is nowconducting
risk assessments on the most toxic of the
organophosphate and carbamate insecticides,
and will be evaluating cumulative exposures
to these chemicals during the summer of
1999. "Ifrisks are found to be unacceptable,
then we'll propose some level ofmitigation,"
says Johnson. "These measures could range
from changes in labeling, to restricting uses,
all the way to removing the chemical [from
commerce]."
Few environmental health threats strike a
chord in thepublicasdeeplyas contaminated
foods. Foodbornehazards bringthespecter of
environmental disease into our homes and
kitchens, to the meals we feed to our families
and children. In spite of its flaws, the U.S.
food safety system is still one of the best in
the world. Current reforms and research pro-
grams at the agencies responsible for food
safety are working to ensure that this system
continues to be updated and improved. Even
so, foods continue to pose a certain degree of
risk. While federal and state environmental
agencies continue their attempts to reduce
environmental contaminants in water, soil,
and air, naturally occurring foodborne muta-
gens are a daily component of the human
diet. "We have to recognize that it isvirtually
impossible to have risk-freefood," says Doyle,
"but we must continue to work to make the
riskas lowas possible."
Charles W. Schmidt
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